The time when blood lactate reaches peak concentration following maximum exercise is unclear. The post exercise venous blood lactate concentration was determined serially for 30 minutes in 13 trained men following maximum exercise on a motor driven treadmill. Lactates were determined enzymatically in duplicate. The V02 max and percent body fat was 65.1 ± 4.8 ml.kg l.min1-and 11.4 ± 1.4, respectively. The venous lactate reached a peak concentration at the 6th minute (14.2 mmol.L-1 ) of an inactive recovery, and declined linearly thereafter to reach a concentration of 7.43 ± 0.60 mmol.L I at the 30th minute. The net rate of lactate removal was .30 mmol.L1.min1. Statistical analysis found no significant difference in lactate concentration during the 4th, 5th and 6th minute post exercise, indicating that these post exercise times may be appropriate to sample venous blood for peak lactate concentration.
INTRODUCTION
Venous blood lactate concentration has long been considered a useful measurement in quantifying the extent of anaerobic metabolism during exercise and may be used as an objective criterion of the degree of exhaustion, (Astrand et al, 1963) . The extent to which venous blood lactate reflects the muscle lactate production is unclear, (Graham, 1978) . Previous evidence indicated that muscle lactate was transported to the liver, converted to glucose and transported to the muscle for conversion into glycogen (Krebs, 1964; Krebs & Woodford, 1965; Opie & Newsholme, 1967) . Contrary to this view are the experiments of Hermansen and Vaage (1978) and Hill (1924) indicating that substantial amounts of muscle lactate may be converted to glycogen in the muscle and that a further variable percent may be oxidised, (Keul etal, 1969 (Asmussen, 1949) , within the first minute, (McGrail et al, 1978) , approximately 2 min, (Hermansen and Stensvold, 1972; Knuttgen, 1962) 5 min (Johnson and Edwards, 1937) , 6 min (Margaria et al, 1933) , between 1 and 5 min (Hermansen and Vaage, 1977) , 2 and 5 min (Freund and Gendry, 1978) 3 and 5 min (Margaria et al, 1969 ), 3 to 6 min (Davies et al, 1970) , 3 min intervals and 10 min or greater (Diament et al, 1968) .
In view of the conflicting opinions as to when peak venous blood lactate concentration may occur, and the possible usefulness of venous blood lactate concentration as an index of exhaustion, an investigation was conducted to determine the most appropriate time to sample venous blood to determine peak venous blood lactate concentration.
METHODS
Thirteen healthy trained men whose mean age was 25.8 ± 3.4 years participated in the study. Each subject was required to make two visits to the laboratory. On the first occasion the subjects underwent a medical examination and were familiarised with the head gear, mouth piece and sundry equipment as well as learning to run on a motor driven treadmill. During the second visit the subjects were weighed to the nearest 0.1 kg, wearing only shorts. Percent body fat and other anthropometric measurements were determined in accordance with the procedures in the National Exercise and Heart Disease project -Manual of Operations (1974) .
Maximum oxygen consumption was determined by having the subject run on a motor driven treadmill at 200 m.mirf1 with a 2% increase in grade every minute, until the subject could continue no longer. Subjects breathed through a Hans Rudolph Valve (#2700) and expired air was passed through an ice-cooled mixing chamber before passing through a Tissot calibrated Parkinson Cowan dry gas meter (CD4).
Expired air temperatures were recorded from a calibrated thermister in the expired air flow. Paramagnetic oxygen and infra-red carbon dioxide analysers continuously sampled expired air from an ice-cooled mixing chamber. Each analyser was calibrated frequently with mixtures of chemically analysed gas. Calculations were made each minute throughout the treadmill test of oxygen consumption (V02 L.min1', ml.kg' minrf) ventilation corrected to STPD (VE L.minl) and respiratory exchange ratio (R) using a PDP 11/10 analogue computer. Heart rates were monitored continuously from a V5 lead and recorded pre-exercise, during the last 10 s of each minute of exercise, and for 5 min post exercise.
Immediately upon cessation of exercise the subject was assisted from the treadmill to a nearby couch and placed in the supine position with the feet slightly elevated. The venepuncture site was cleansed with alcohol and a 21 gauge INTRAVEN cannula was inserted into a antecubital vein, usually within 30-35 s after cessation of exercise.
Approximately 2 ml of venous blood were sampled every minute for the first ten minutes, and thereafter every 5 min until 30 min had lapsed from the cessation of exercise.
After the first sample of venous blood had been withdrawn, the cannula was flushed with heparinised saline (5.0 IU. mF1) and 15 s prior to the subsequent sampling times approximately 0.5 ml of venous blood was withdrawn and discarded. A sterile syringe was attached to the cannula, and at the time of sampling approximately 1.5 to 2 ml of venous blood was withdrawn and placed in a tube containing sodium fluoride and potassium oxalate (venoject VT 050 FX). The tube was gently inverted several times and exactly 1.0 ml of the venous blood was pipetted into a 10% perchloric acid solution, shaken vigorously and frozen. Duplicate blood lactates were analysed enzymatically (Calbiochem -Behring Corp.).
Means and standard deviations were calculated for all variables. An analysis of variance with repeated measures was used to test for significant differences in post exercise blood lactate concentration from the 1st to 30th min. A Newman-Keuls post-hoc test was administered when significant F ratios were found. A P value equal to or less than 0.05 was accepted as significant.
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RESULTS
The anthropometric characteristics of the subjects and physiological data from the maximum treadmill test are presented in Table 1 . The percent body fat estimated from the sum of three skinfolds (triceps, subscapular and suprailiac) was 11.4 ± 1.4. The relatively low percent body fat in the present group was associated with a high maximum oxygen consumption (65.1 ± 4.8 ml.kgd .minri'). A continuous and incremental treadmill protocol produced a mean run time of 487 ± 58 s. The rapid removal of the subjects from the treadmill to a horizontal position resulted in three incidents of ventricular ectopic beats, presumably in response to the rapid drop in cardiac output.
The venous blood lactate concentration increased from 12.65 ± 0.46 mmol.Li" at the first minute post exercise to reach a maximum concentration of 14.2 + 0.76 mmol.LA at the 6th min post exercise (Fig. 1) .
The net removal of lactate from the venous blood followed a fairly linear decline, reaching a concentration of 7.43 ± 0.60 mmol.L-2 at the 30th min. The net rate of lactate removal was calculated from the rectilinear portion of the curve describing changing lactate concentration with respect to time, between the 6th and 20th min. The net rate of lactate removal was .30. mmol.L1 .min1.
The results of the analysis of variance with repeated measures, indicated that there were significant differences in the blood lactate concentration from the 1st to the 30th min post exercise. A Newman-Keuls posthoc test indicated that the mean blood lactate concentration from the 4th, 5th and 6th min was significantly different from the blood lactate concentration at the remaining minutes post exercise (P < 0.01). There was no significant difference in lactate concentration at the 4th, 5th and 6th min post exercise (P > 0.05). grade until exhaustion.
The results of the present study partially confirm the findings of Hermansen and Vaage, (1977) (1969) who exercised subjects on either a treadmill, bicycle or cross country run. The present results lend no measure of support to Asmussen (1949 ) McGrail et al (1978 who reported respective peak lactate concentrations of immediately and one minute post exercise, Hermansen & Stensvold (1972) Knuttgen (1962) who reported peak lactate concentrations at approximately 2 min and Diament et al (1968) who noted peak lactate concentrations approximately 10 min post exercise.
The disparity between the present study and others may be related to several factors: (i) whether the exercise was intermittent or continuous, (ii) the extent of anaerobic metabolism (iii) the method of obtaining a blood sample and subsequent biochemical procedures, While it has been established that lactate removal is enhanced by exercise performed within a given range of percent V02 max during recovery, (Belcastro and Bonen, 1975; Davies et al, 1970; Hermansen and Stensvold, 1972) and by the percentage of slow twitch fibres (Graham 1978; McGrail et al, 1978) it is by no means established that the time of post exercise peak lactate concentration is dependant upon the mode of exercise.
Notwithstanding certain medical-legal difficulties associated with a venepuncture, the manual finger prick method to obtain a blood sample was discarded because of the uncertainty of obtaining a representative sample of venous blood lactate. The post exercise rate of lactate removal from the venous blood was consistent with values reported by Hermansen and Stensvold (1972) on subjects with an inactive recovery, and Belcastro and Bonen (1975) on subjects who exercised at approximately 30% of V02 max during the recovery phase, but slower than removal rates reported by Hermansen and Vaage (1977) , on subjects during an inactive recovery period after maximum intermittent exercise.
In conclusion, peak venous blood lactate concentrations occurred at the 6th min after progressive exercise to exhaustion lasting on the average 487 ± 58 s with an inactive recovery. No significant difference was found between the venous blood lactate concentration between the 4th, 5th or 6th min post exercise indicating that these post exercise times may be appropriate in runners to sample venous blood for peak lactate concentration.
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